It is well known that transferrin, the ironbinding a-globulin of serum, is very similar to conalbumin, the iron-binding protein of avian-egg white. One molecule of either protein readily combines with two atoms of iron and two molecules of carbon dioxide to give a pink complex with an absorption maximum at 460-470 m,u (Schade, Reinhart & Levy, 1949; Warner & Weber, 1951) . In both cases the iron-protein complexes are more resistant to thermal denaturation and to proteolytic degradation than are the iron-free proteins (Azari & Feeney, 1958) . Conalbumin and transferrin are also similar in their molecular weights. Bain & Deutsch (1948) obtained a value of 85 000 for conalbumin by sedimentation and diffusion studies, and iron-binding studies by Warner & Weber (1951) gave a value of 76600. Laurell & Ingleman (1947) obtained a molecular weight of 88000 for pig transferrin by sedimentation and diffusion studies, and 90000 was obtained for human transferrin by Koechlin (1952) with ironbinding and light-scattering methods and by Oncley, Scatchard & Brown (1947) by osmotic and sedimentation measurements.
The iron-binding protein of fowl serum has also been found to be similar to conalbumin. Hektoen J. WILTIAMS & Cole (1928) observed an immunological relationship between conalbumin and that serum fraction which is soluble in 64 % saturated ammonium sulphate and in which most of the transferrin is present. Bruynoghe (1934) confirmed this finding. Later, Marshall & Deutsch (1951) isolated from cock serum a protein which was immunologically identical with conalbumin although its isoelectric point (5-7) was lower than that of conalbumin (6-1). It combined with iron (2 atoms of iron/mol. of protein) and sedimentation and diffusion measurements gave a molecular weight of 72 000-85000. The sedimentation coefficient (S52,w 5 3) was similar to that obtained by Bain & Deutsch (1948) for conalbumin (S20,w 5.4) The immunological identity of conalbumnin and fowl transferrin was confirmed by Kaminski & Durieux (1956) by immunoelectrophoresis and agar diffusion. They observed that the electrophoretic mobility of the serum protein in agar gel was slightly greater than that of conalbumin.
As reported by Williams (1962) , immunoelectrophoretic patterns of livetin showed a precipitin line in the position ascribed by Kaminski & Durieux (1956) to conalbumin or transferrin. The experiments described in the present paper were intended to identify this protein.
An attempt was also made to study the relation between conalbumin and transferrin. In this work the conalbumin from the egg white of some hens whose sera contain modified transferrins was examined. A. L. Ogden, J. R. Morton, D. G. Gilmour & E. M. McDermid (in preparation) examined the serum-transferrin pattems in a large number of hens by means of starch-gel electrophoresis. In some hens the transferrin bands migrated faster at pH 8-6 than the normal transferrin bands, but in others the pattern appeared to be composed of a mixture of the normal slow transferrins with the modified fast transferrins. From the breeding data the former hens were considered to be homozygous for a mutation at the transferrin locus (TfJTfa) and the latter to be the heterozygotes (TfjTfb) Radioactive labelling with 59Fe. The iron-binding proteins in serum and egg white were located by starch-gel electrophoresis. 59Fe (luc) was added to 0-1 ml. of serum or to 0.1 ml. of egg white before electrophoresis, which was carried out as described by Williams (1962) . Then the gels were sliced, wrapped in thin polythene and placed with the cut surfaces in contact with X-ray film. Radioautographs were exposed for 2 or 3 days.
LabelUing of egg-white protein8. Small pieces of oviduct from laying hens were incubated with radioactive amino acids by the method of Hendler (1956) (Williams & Dawson, 1952) was dialysed against cysteine to remove adsorbed amino acid and then mixed with 0-5 ml. of unlabelled egg white. It was fractionated on a small column of carboxymethylcellulose according to Rhodes, Azari & Feeney (1958) with stepwise elution with solutions of 0 1M-ammonium acetate at pH 4-2, 5 0 and 7 0. The final elution was with 0-2m-Na2CO3. Fractions (2 ml.) were collected and the extinctions at 280 m,u were measured. A sample (0-1 ml.) was taken from each tube and dried on a polythene planchet for measurement of radioactivity.
Preparation of tran8ferrin from livetin. Whole livetin was dissolved in water to make a 2 % solution. Solid (NH4)2SO4 was added to give 50% saturation (Dixon, 1953) . The solution was filtered and more (NH4)2SO4 added to give 80 % saturation. The resulting precipitate was collected by centrifuging, and dialysed first against water and then against 0 1 M-ammonium acetate, pH 5.0. The solution was then passed through a column (2-5 cm. x 8-0 cm.) of carboxymethylcellulose previously equilibrated with the same buffer. Both xz-and fl-livetin passed through the column but transferrin was retained as a pink-coloured zone. After washing the column well with 01M-ammonium acetate buffer, pH 5.0, the transferrin was eluted with 01M-ammonium acetate, pH 7 0. The eluate was dialysed against 0 02m-glycine, pH 6-5, and passed through a column (2.5 cm. x 5B0 cm.) of diethylaminoethylcellulose which had been equilibrated with 0 02M-glycine, pH 6-5. Transferrin was retained by the cellulose and was eluted with a gradient to 0-02m-glycine-0-02M-KH2PO4-0O02M-K2HPO,: a mixing vessel containing 150 ml. of 0-02M-glycine was used.
The transferrin peak was dialysed against water and freeze-dried. The carboxymethylcellulose and diethylaminoethylcellulose procedures were based on the schemes described by Rhodes et al. (1958) and by Mandeles (1960) respectively for the fractionation of egg-white proteins. Warner & Weber (1951) and of Rhodes et al. (1958) was used. Saturated (NH4)2S04 (1 vol.) was mixed with egg white and the mixture was filtered. The filtrate was acidified to pH 4-6 with 0-5N-H2SO4 and the precipitated ovalbumin removed by filtration. Solid (NH4)2S04 was added to the filtrate (8 g./100 ml.) and the conalbumin precipitate collected by centrifuging. The precipitate was dissolved in water and dialysed free of (NH4)2S04. The solution (adjusted to pH 6-0 with NH.) was chilled in ice and 0-67 vol. of 50% (v/v) ethanol in 0-02M-NaCl added.
The conalbumin precipitate was dissolved in water and dialysed overnight against water. An excess of Fe3+ and HCO3-ions were added [as Fe(NO3). and NaHCO3] to form the iron-conalbumin complex. This was dialysed for 2 days against water adjusted to pH 9-0 with NH3, filtered and the filtrate dialysed against 0-M-ammonium acetate, pH 5-5. Conalbumin was then purified by adsorption on carboxymethylcellulose and diethylaminoethylcellulose as described for transferrin. It was finally dialysed against water and freeze-dried.
Amino acid compositions. The amino acid analyses of conalbumin and serum transferrin were carried out in duplicate by the method of Spackman, Stein & Moore (1958) . Protein samples were hydrolysed with constantboiling HCI in sealed evacuated tubes at 1050 for 24 hr.
The hydrolysates were evaporated to dryness and 1 mg. portions analysed on the Spinco Amino Acid Analyser by Dr R. P. Ambler. Tryptophan was estimated by the spectrophotometric method of Beneze & Schmid (1957) .
N-Terminal residues. The N-terminal amino acids of conalbumin and transferrin were determined qualitatively by the fluorodinitrobenzene method (Fraenkel-Conrat, Harris & Levy, 1952) .
Starch-gel electrophoressi. This was carried out in the manner described by Williams (1962) .
Comparison of peptide patterns. This was carried out as described by Williams (1962) , except that the digestions were carried out for 4 hr.
RESULTS
Starch-gel electrophoresiq. Starch-gel-electrophoresis patterns of egg white and of laying-hen serum are shown in Fig. 1 . Radioautography of samples which had been labelled with 59Fe showed that two bands in the serum (transferrin) and two bands in the egg white (conalbumin) represented iron-binding proteins. Fig. 2 shows the patterns given by the isolated proteins. Three main bands with different mobilities were present. In conalbumin the slowest band was the most intense but a less intense band was present in the middle position. In some cases a trace of the fastest band was also visible. Serum transferrin showed three bands which lined up with the conalbumin bands although the relative intensities were reversed: the fastest band was the most intense, the second band less intense and the slowest band was present in only small amounts. Small amounts of a protein which preceded the main transferrin band were also present. The pink protein isolated from livetin gave the same pattem as serum transferrin. In paper electrophoresis at pH 8-6 transferrin migrated a little faster than conalbumin but both proteins migrated as single bands. . Eggwhite patterns from the three types showed that the transferrin polymorphism was accompanied by a similar polymorphism of conalbumin (Fig. 4) . In the homozygous mutants (Tfj/Tfa) the main conalbumin band ran faster than the main conalbumin band in the wild type (Tfb/Tfb). A minor band was present ahead of the main conalbumin band in both cases. In the heterozygotes (TfJTfb) conalbumin was present as two main bands of roughly equal intensities representing the mutant and wildtype conalbumins.
Immunological analysis. In agar diffusion transferrin from serum or livetin and conalbumin reacted with rabbit anti-hen serum to give single precipitin lines which joined one another smoothly. Immunoelectrophoresis of serum transferrin and conalbumin 3,57 Vol. 83 with rabbit anti-cock serum gave in each case a single precipitin arc. The anodic mobility of the transferrin was slightly greater than that of the conalbumin (Fig. 5) .
Amino acid compo8ition8. The preparations of serum transferrin and conalbumin used for amino acid analysis and comparison of peptide patterns gave single asymmetric peaks in the ultracentrifuge indicating some heterogeneity. Both preparations gave the same sedimentation coefficient (S 1% of 4.5s).
The amino acid compositions of serum transferrin and conalbumin (Table 1) are very similar although the sums of the differences between the columnus show that there is more difference between the conalbumin and transferrin analyses than between the duplicate analyses. In view of the small amount of heterogeneity indicated by the ultracentrifugal patterns, however, this result appears to be consistent with the identity of composition of the two proteins.
Peptide pattern8. Tryptic and chymotryptic digests of oxidized samples of transferrin from serum and livetin and of conalbumin were examined by one-and two-dimensional peptide patterns (Figs. 6  and 7) . The three samples gave the same patterns.
Some idea of the specificity of the identifleation of these proteins by means of the peptide patterns CONALBUMIN AND TRANSFERRIN is provided by the following experiment (Fig. 8): oxidized samples of rat serum albumin, hen serum albumin, conalbumin and hen ovalbumin were digested overnight with trypsin and the digests subjected to electrophoresis at pH 3-5. The peptides were stained with ninhydrin. Taking account of the positions and relative intensities of the ninhydrin-positive bands, duplicate digests of each protein gave reproducible patterns by means of which the four proteins were readily distinguished from one another.
N-Terminal residues. In the ether extracts of hydrolysed DNP-conalbumin and DNP-transferrin the only DNP-amino acid detected was DNPalanine in both cases. Fraenkel-Conrat & Porter (1952) have already reported the N-terminal residue of conalbumin to be alanine.
Carbohydrate analy8e8. zones corresponded to protein bands, and the conalbumin band was identified by comparison with a conalbumin marker. When the soluble proteins from a [-AS]cysteine-labelled oviduct mince were adsorbed on carboxymethylcellulose the elution pattern shown in Fig. 11 was obtained. Four protein peaks were eluted from the column and each was accompanied by a peak of radioactivity. Peak C was concentrated by freezedrying and in starch-gel electrophoresis it appeared to consist of conalbumin alone.
DISCUSSION
The starch-gel-electrophoresis pattern shows that the pink protein isolated from livetin is transferrin. This is in agreement with results reported in the preceding paper (Williams, 1962) which show that the protein constituents of livetin correspond to serum proteins. Schultze (1958) has shown that human transferrin is a glycoprotein and the present analyses show the same to be true for fowl transferrin.
S0rensen (1934) reported that conalbumin contained 2-8 % of carbohydrate but Bain & Deutsch (1948) found that their preparation of conalbumin did not give the Molisch reaction. The results given here suggest that conalbumin is a glycoprotein containing 2-2 % of carbohydrate, although the electrophoretic and ultracentrifugal patterns show that the preparation is not homogeneous. The results obtained from amino acid analysis, immunology, and peptide patterns indicate that the protein parts of conalbumin and transferrin are very similar and probably identical. This close relationship is supported by the comparisons of Vol. 83 361 conalbumins and transferrins from hens bearing a mutant transferrin gene with the corresponding proteins from wild-type hens. The amino acid sequences of transferrin and conalbumin are probably controlled by the same genetic locus. Transferrin and conalbumin differ in their carbohydrate contents and the result of treating transferrin with neuraminidase suggests that the differences in the electrophoretic mobilities and isoelectric points are due to the sialic acid present in the carbohydrate prosthetic group of transferrmn. Barber & Sheeler (1961) found only one ironbinding protein band in hen serum by starch-gel electrophoresis although in the present work transferrin gave three bands. The conditions of electrophoresis were not identical, however, since Barber & Sheeler (1961) used phosphate buffer at pH 7-0. The heterogeneity of the transferrin in starch-gel electrophoresis is probably due to the presence of different amounts of sialic acid, since neuraminidase converted the various bands into a band with the mobility of conalbumin which lacks sialic acid. The analytical value of 0-35% of sialic acid for a transferrin preparation is not in satisfactory agreement with this idea, however,* since if a molecular weight of 90000 is assumed only 1 residue of sialic acid/mol. of protein is allowed for. Since Warren & Spearing (1960) and Ada & Lind (1961) have recently shown that neuraminidase activity is present in some tissues of higher animals it seemed possible that conalbumin might arise in the hen's oviduct by the removal of sialic acid from the carbohydrate prosthetic group of transferrin. The experiments on the labelling of oviduct proteins with radioactive amino acids suggest, however, that the oviduct can incorporate amino acids into conalbumin as well as into other egg-white proteins, and Mandeles & Ducay (1961) The relaxing factor, originally described by Marsh (1951) in the crude extract of blended skeletal muscle, has been shown to be associated with minute particles which can only be centrifuged out of suspension at high centrifugal forces (Kumagai, Ebashi & Takeda, 1955; Portzehl, 1957) . Portzehl (1957) observed that, after centrifuging at 19 000g for 1 hr., the supematant solution still contained relaxing factor as assayed by inhibition of myofibril adenosine triphosphatase activity, whereas centrifuging at 35 000g for over 1 hr. brought down all the active granules. On the basis of these characteristics she postulated that the granular fraction responsible for relaxing activity consisted of microsomes.
With passage of time alone this postulate has become an assumption (Lorand, Mulnar & Moos, 1957; Briggs & Fuchs, 1960) . However, support for this assumption was presented by Nagai, Makinose & Hasselbach (1960) , who showed that the granules which centrifuged down at 25 000g in 1 hr. were vesicular and had an average diameter of about 1000 L. The electron micrograph of these muscle granules is quite similar in appearance to the microsome pellet of liver (Palade & Siekevitz, 1956 ).
The present work was undertaken to determine, by means of enzyme markers, the nature of the skeletal-muscle granules which possess the relaxing activity. METHODS Myofibrils. Rabbit leg and back muscles were chilled, ground, and blended for 2 min. in a Waring Blendor with 5 vol. of 0-1M-KCI-0*01M-KHCO3 soln. The homogenate was centrifuged at 2000g for 10 min., the supernatant discarded, and the sedimented fibrils blended for 30 sec. with 5 vol. of 01M-KCI. After sedimenting the fibrils, the blending for 30 sec. with 5 vol. of 0 I m-KCl was repeated eight times in all; this broke up the fibrils into small segments and washed them free of relaxing factor. All steps were carried out at 0-4'.
After the final blending, the myofibrils were filtered through four thicknesses of gauze to remove lumps of fibrous tissue, and centrifuged for 10 min. To the precipitate was added cold glycerol (1 vol.) and sufficient 3*0M-KCI to give a final KCI concn. of 0 1M. The pH was adjusted to 7 0 by the addition of 0 1 N-KOH. This mixture was then blended for 15 sec. to yield a uniform suspension and was stored at -100. On the day of an experiment a portion of the glycerol suspension was centrifuged, and the myofibril precipitate washed once with 0 1M-KCI and recentrifuged. It was then suspended in 0-1M-KCI at pH 7-0 to give a protein concentration of about 5 mg./ml. Essentially no change in adenosine triphosphatase activity occurred in the 7-8 months that the myofibril preparation was used.
Mu8cle-granule preparation. Diced muscle (100 g.) from the hind legs of a freshly killed rabbit was chilled, ground and blended at high speed with 2 vol. of a cold 0 1M-KCI-0 02M-KHCO8-0 005M-potassium oxalate soln. for 1 min. The blended muscle (fraction W.H.) was then centrifuged at 600g for 4 min., the precipitate discarded, and the supernatant (fraction S,) centrifuged at 3500g for 10 min. The precipitate was gently homogenized by hand with 10-15 ml. of 0.1 M-KCl-0001M-potassium oxalate-0 02M-histidine soln. at pH 7 0 (histidine mixture), recentrifuged for 10 min. at 3500g and the supernatant added to that of the first 3500g centrifuging. The precipitate was taken up in a small volume ofthe histidine mixture and homogenized by hand to yield an even suspension. This particulate fraction is referred to below as the 'mitochondrial 1' or 'M1' fraction. The combined supernatants were then centrifuged at 12 500g for 20 min. The sediment was washed and suspended as described for the M1 fraction above, recentrifuged at 12 5OOg for 20 min. and suspended
